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(g) Fuel cell. 
« 

0 A fuel cell comprises at least two cell members (10). each of which has a fiat-plate solid electrolyte (7) 
having a fuel electrode layer (8) on one surface thereof and an air electrode (9) layer on tiie other surface 
thereof, separators (1). each of which Is ananged between the cell members and comprises frame materials (2) 
and metallic sheets having concave portions (5) and convex portions (4) and being coupled to tiie frame 
' materials, a fuel supply patii (14) for supplying fuel and an air supply path (15) for supplying air, a fuel discharge 
path (16) for discharging fuel and an air exhaust patii (17) for exhausting air and collector members mounted on 
r*the outer sides of the separators of tiie highest and lowest stags. 

^ Further, another fuel cell comprises at least two cell members(28).each of which has a flat-plate solid 
If) electrolyte layer (25) on one surface tiiereof and an air electrode layer (27) on the other surface tiiereof. metallic 
fs| separators (24), each of which is arranged between the cell members and comprises a wave^-form member (21), 
•©an upper fiat-plate member (22) and a lower flat-plate member (23), tiie wave-form member being put between 
ISiflne upper flat-plate member and the lower flat-plate member, a hole (37) made In ttie upper flat-plate member 
Uf>for supplying fuel to the fuel electrode layer and a hole (39) made in tiie lower flat-plate member for supplying 
***air to tiie air cell member layer and a fuel supply patfi (36) for supplying fuel and an air su^ly patii (38) for 
©supplying air, " "^-^ 
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FUEL CELL 



The present invention relates to a solid electrolyte type fuel cell. 

As a flat-plate type solid electrolyte fuel cell, a flat-plate type. solid electrolyte fuel cell as shown In 
Rg.12 is pointed out 

Cell member 54 comprises solid elecrolyte layer 51 , air electrode layer 53 fomied on one side of said 

5 solid electrolyte layer 51 and fuel electrode layer 53 formed on the other side of said solid electrolyte layer 
51. Distributers 55 are ananged on both electrode surfaces of said cell member 54. Said distributer 55 is 
made of metallic felt, metallic foaming body, ceramic felt, ceramic foaming body or the like, each of which 
has gas permeability, electrical conductivity, atmosphere resistance and cushioning property. Separators 56 
are arranged on the outer sides of the distributers 55 so that separators 56 can press the distributers 55 to 

10 the electrode surfaces of the cell member 54. Separators 56 are electrically connected to one another, 
thereby an electrical circuit being formed. A space formed by the air electrode 52 and the separator 56 
serves as an air path and a space fonmed by the fuel electrode 53 and the separator 56 as a fuel path. 
When the cell member 54 is practically used as a fuel cell, a fuel cell is constituted by stacking up the cell 
members 54 in a plurality of layers. 

13 As another flat-plate type solid electrolyte fuel cell, a flat-plate type solid electrolyte fuel cell shown in 

Rg.13 which Professor Steele intnxluced in his llterature( CERAMIC ELECTROCHEMICAL REACTORS, < 
1987. B.C.H. Steele ) is pointed out. 

Cell member 69 comprises flat-plate solid electrolyte 66, flat-plate air electrode 67 formed on an upper 
surface of the solid electrolyte 66 and flat-plate fuel electrolyte 68 fomied on a lower surface of the solid 

20 electrolyte 66. Fuel electrode 64 having fuel path 63 is formed on an upper surface of separator 65. Air 
electrode 62 having air path 61 is formed on a lower surface of the separator 65. The cell member 69 is put 
between two separators 65. each of which has the fuel electrode 64 and the air electrode 62. Air is supplied 
to the air path 61 enclosed with the air electrode 62 on the side of the separator and the air electrode 67 on 
the side of the cell member. Fuel is supplied to the fuel path 43 enclosed with the fuel electrode 64 on the 

25 side of the separator and the fuel electrode 68 on tfie side of the cell member. The separators 65 are 
electrically connected, thereby an electrical circuit being formed. When a fuel cell is practically used, high 
voltage can be obtained by increasing the number pf the cell member 69 and alternately putting the cell 
members 69 and the separators 65 one on another. 

Further, monolithic type fuel cell shown in Rg.14 which Professor Steele introduced is pointed out Cell 

30 , member 74 is constituted by arranging flat-plate fuel electrode 72. whose internal surface is constituted In 
the form of honey comb, on one surface of flat-palte solid electrolyte 71 and air electrode 73. whose internal 
surface is constituted in the form of honey comb, on the other surface of the flat-plate solid elecrolyte 71. 
The fuel electrode 72 In the fonm of honey comb is mounted on the surface of the flat-plate solid elecrolyte 
at right angles to the air electrode 73 in the form of honey comb. The cell members 74 are stacked up in 

OS layers by means of the separators 75. As shown in Rg.15, fuel is supplied from fuel supply manifold 77 to ( 
honey comb space 76 of the fuel electrode 72 and excessive fuel is discharged from fuel discharge 
manifold 78. Air is supplied from air supply manifold 80 to honey comb space 79 of the air electrode 73 
and excessive air is exhausted from air exhaust manifold. 

There, however, have been the followng problems In ttie above-mentk)ned flat-plate type solid 

4o electrolyte fuel cell: 

(1) A type shown in Rg.12: 

® In this fuel cell, manifolds for supplying fuel and air to the fuel cell are formed, O rings 57 are 
used for a gas seal of the manifolds. When O rings are strongly pressed to prevent gas from leaking, a cell 
portion of a thin film layer is liable to be broken. 
45 @ Even if cushioning material such as Ni feit is Introdued, the cell portion of a thin film layer has 

to carry a load invariably. 

® When the cell becomes larger, it is easy to break. 

(2) A type of the fuel cell which Professor Steele proposed: 

® This type has no cushioning property. Therefore, when the cell Is compressed, it is easy to 

50 break. 

(g) A structure of a tie-in portion of an external manifold becomes complicated. 
(D In the case of monolithic cell type, the external manifold Is hanJ to mount on a honey comb 
portion and there is a problem In the gas seal. 

It is an object of the present invention to provide a fiat-plate type solid electrolyte fuel cell which has a 
good cushioning pnDperty and a good gas seal property and can be adapted to an enlargement of the foel 
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To accomplish the above-mentioned object the present invention provides a fuel cell comprising: 
at least two cell membere. each of which tas a flat-plate solid electrolyte having a fuel electrode layer on 
one surface thereof and an air electrode layer on the other surface thereof; 

5 separators, each of which is arranged between the ceil members to staci< up the cell members in layers and 
comprises^ frame materials and metallic sheets having concave and convex portions and being coupled to 
said frame materials, a separator of the highest stage being mourrted on a cell member of the highest stage 
and a separator of the lowest stage being mounted on a cell member of the lowest stage: 
a fuel supply path for supplying fuel to a space between the separator and the fuel electrode and an air 

TO supply path for supplying air to a space bewteen the separator and the air electrode: 

a fuel discharge path foe discharging fuel from a space between the separator and the air electrode and an 
air exhaust path for exhausting air from a space between the separator and the air electrode: and 
conector members of electrical conductivity mounted on the outer sides of the separators of the highest and 
lowest stages. 

j5 Further, the present invention provides another fuel celi comprising: 

at least two cell members, each of which has a flat-plate soBd electrolyte having a fuel electrode layer on 
one surface thereof and an air electrode layer on the other surface thereof: - 
metallic separators, each of which is an-anged between the cell members to stack up the cell members in 
layers and comprises a wave-form member, an upper flat-plate member and a lower flat-plate member, said 
wave-form member being put between the upper flat-plate member and the lower flat-plate "jember a 
separator of the highest stage being mounted on a cell member of the highest stage and a separator of the 
lowest stage being mounted on a cell member of the lowest stage: ^ ^ . 

a hole made In the upper flat^)late member for supplying fuel to the fuel electrode layer and a hole made in 
the lower fiat-plate member for supplying air to the air cell member layer; and ^ ^ ^ 

a fuel supply path for supplying fuel to a space between the upper flat-plate member and the wave-form 
member and an air supply path for supplying air to a space between the lower flat-plate member and the 
wave-fbnn member, said fuel being supplied from the fuel supply path to the fuel electrode layer through 
the hole made in the upper flat-plate member and said air being suppfied from the air supply path to the ar 
electrode layer through the hole made in the lower flat-plate member. 
30 The above objects and other objects and advantages of the present invention will become apparent 
from the detailed description to follow, talcen in connection with the appended drawings. 

Rg.1 is a top plan view illustrating a separator used for a fuel cell of Preferred Bnbodiment-1 of the 

present invention: 

Rg.2 is a sectional view of the separator talcen on line 1 - 1 of Rg.1: 
as Ra.3 is a sectional view of the separator taken on line 2 - 2 of Rg.1 . ^ . ^ 

Rg.4 is a sectional view Illustrating the fuel cell of Preferred Embodlment-1 conrespondlng to the 

seoarator tal<en on line 1 - 1 of Rg.1 : ' ^ ^ 

Rg.5 is a sectional view illustrating the fuel cell of Preferred Embodiment-1 con-esponding to the 

separatortalcenonBne2-2of Rg.1; „ , ^. « 

40 Rg,6 is a perspecth/e view showing a fuel cell of Prefen^d Embodiment-2 of the present invention: 

Rg.7 Is a sectional view showing the fuel cell taken on line 3 - 3 of Rg.6: 
Rg.8 is a sectional view showing the fuel cell taken on line 4 - 4 of Rg.7: 
Rg 9 is a sectional view showing the fuel cell taken on line 5 - 5 of Rg.1 : 

Rg.10 is an explanatory view designating a state of the use of the fuel cell of Prefenred Embodiment- 
's 2 of the present invention. * » « * ^ 
Rg.11 is a perspective view designating a method of fomiing a cell member pertinent to Prefenred 

Embodimnet-2 of the present invention; i * 

Rg.12 is a sectional view designating a prior art solid electrolyte • fuel cell, for which flat-plate 

50 ***'^R^i3!s"a*Sctional view Illustrating another prior art solid electrolyte fuel cell, for which separators 
hsvino oroovQS sro us6d« 

Rg.14 Is a perspective view illustrating further more prior art soHd electrolyte fuel cell wherein a fuel 
cell and an air electrode have a honey comb stmcture, respectively; 

Rg.1 5 is an explanatory view designating how fuel supply manifolds and air supply manifokJs are 
55 mounted on the electrolyte fuel cell of Rg.1 4; . ^ « 

Rg.16 is graphical representation designating the relation between electrical current and voltage 
which is a result of Example-1; and . . _.. ^ .»» 

Rg.1 7 is a graphical representation designating the relatidn between electrical cun-ent and voltage 
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which is a result of Example-2. 
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m the fuel cell of Preferred Embodiment-1 of the present invention, cell members, each of which has a 
flat-pJate solid electrolyte having a fiiel electrode on one surface thereof and an air electrode on the other 
surface thereof, are stacked up in layers by means of flat-plate separators, on each of which a number of 
concave and convex portions are anranged. Since the separator as a whole is flexible and the separator 
contacts surely the surface of the electrode in this fuel cell, there is no need for felt material and foaming 
body having electrical conductivity. Preferred Embodiment-1 of the present invention win be descnbed with 
specfic reference to-Figs.1 to 5. As shown in Rg.1. separator 1 used for the fuel cell is constituted with 
frame material 1 and sheet 3 of electrical conductivity, whose peripheral portion is fixed by the frame 
material 2. and which has a number of concave and convex portions. As shown in Rg.1, the concave and 
convex portions of the sheet 3 are formed so that the concave portions ( open circles ) and convex portions 
{ hatched circles ) can be reguiariy an-anged. Accordingly, in a sectional view of the fuel cell taken on line 1 
- 1 only the convex portions 4 are regularly anranged as shown in Rg.2. In a sectional view of the fuel cell 
taken on line 2 - 2. only tiie concave portions 5 are regularly anwged as shown In Rg.3. Altoys good in 
high-temperature atmosphere resistance such as Ni-Cr-Fe alloy and Nl-Cr alloy are used for Oie separator 
1 If necessary, ttie surface of tiie separator 1 can be coated witii ceramic material such as lantiianum- 
mangan oxide and lantiianum cobalt oxide doped witii strontium oxide by means of a vapor deposition 
metfiod or tiie like. A solid elecrolyte type fuel cell, fbr which tiie seiiarator 1 Is used, is shown in Rgs.4 and 
5 In tiie solid electi-olyte fuel cell 6. cell members 10 of tiiree-Iayer stiucture having solid electrolyte sheet 
7 fuel electrode 8 on tiie underside of tiie solid electi-olyte 7 and air electrode 9 on tiie upside of flie solid 
electrolyte 7 and said separator 1 are alternately stacked up in layers. Further, collector materials 11 having 
electrical conductivity are an^ged on tiie outer sides of tiie separators 1 of the lowest and highest stages, 
m Preferred Embodiment-1 of tiie present invention.tiiree cell members and four separators are used. 
HectricaT circuit 12 is formed by electrically connecting collector materials 11. The convex portions 4 of the 
separator 1 contact only the. fuel elecfrode 8 as shown in Rg.4. The concave portions 5 of ttie separator 1 
contact only tiie air electrode 9 as shown in Rg.5. The concave and convex portions of ttie separator have a 
deptti large enough for tiie lowest point of a concave portion to contact the upper surface of ttie cell 
member and for ttie highest point of a convex portion to contact tiie lower surface of tiie cell member. Gas 
seal 13 is arranged on ttie portions of frame material 2 of tfie separator 1 where ttie separator 1 contacts 
tiie cell member 10 and ttie collector material 11 so ttiat gas and air cannot leak. In ttiis fuel cell, fuel patti 
14 and air paUi 15 are aaanged. Fuel is suppOed to a space formed by ttie fuel electrode 8 and ttie 
separator 1 ttirough ttie fuel path 14 and air to a space formed by tiie air electrode 9 and tiie separator 1. 
Excessive fuel and air are discharged from fuel discharge patti 16 and air exhaust patti 17. Since ttie 
separators having a number of concave and convex portions are used for tiie fuel cell of Prefen-ed 
Embodiment of tiie present invention, ttie fuel cell has a good cushioning property and electiical 
conductivity. Moreover, tiie fuel cell does not require such distiibuters as felt material and foaming body. 
The fuel cell has a good gas permeability. Therefore, a cost required for ttie distiibuters can be saved. 



Preferred Embo<fiment-2 

45 

A fuel cell of Preferred Embodlment-2 of ttie present invention will be described witti specific reference 
to Rgs.6 to 11. Rg.6 is a perspective view lllustiating a struchire of a flat-plate type solid elertrolyte fuel 
cell of Preferred Embodlment-2 of tiie present Invention. The flat-plate type solid electttjiyte fuel cell Is 
made by stacking up cells 29 in a plurality of layers. Each of tiie cells 29 comprises metallic separator 24 

so and cell member 28. The metallic separator 24 comprises wave-form member 21. upper flat-plate member 
22 and lower flat-plate member 23. The wave-fomi member 21 is put between tiie upper flat-plate member 
22 and tiie lower flat-plate member 23. The cell member 28 comprises fuel elertrode 25. solid electrolyte 
26 and air electiode 27. Rim layers of the fuel electi-ode 25, solid electi-olyte 26 and air electrode 27 are 
fomied In tills order on the upper flat-plate member 22 of tiie separator 24. Only tiie separator 24a is 

55 arranged on tiie highest stage. Air supply manifold 30 is mounted on ttie separator 24a. At tiie same time, 
fuel supply manifold 31 is an-anged on ttie underside of ttie sparator of the lowest stage. The cell member 
24 is divided into two portions on upper -flat-plate member 22. Fuel patiis and air pattis are fonned in 
divided portions. A spacer used for Increasing a gas seal property of internal manifolds is arranged over tiie 
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whole width of the separator 24. Rg.7 is a sectional view showing the fuel cell taken on line 3- 3 of Rg.6. As 
clearly seen from Rg.7. air supply spacer 33. fuel supply spacer 34 and spacer 35 are arranged in the 
central portion of the separator 24 corresponding to the portion where the spacer 32 Is arranged. Rg.8 is a 
sectional view showing the fuel celf taken on line 4- 4 of Rg.7. F^r^^^-^'n""^"^ ^ -'^"""'^ '^^ 
supply path 36 is a path passing through upper flat-plate member 22. lower flat-plate member 23, wave- 
form member 21, spacer 34 arranged between the wave-fomn member 21 and the upper flat-plate member 
22 and the spacer arranged between the upper flat-plate member 22 and the lower flat-plate member 23. 
Rjel flows frxwn fuel supply manifold 31 to fuel supply spacer 34 through the fuel supply path 36 arranged 
in the lower fiat-plate member 23 on the underside of the separator 24 and arranged in the wave-fomi 
member 21 of the separator 24. Some portion of the fuel flows in a wave-form space of the separator 24 
and reaches fuel electrode 25 through through hole 37 an^ged in the upper flat-plate member 22 of the 
separator 24 Then, some portion of the fuel flows to the fuel electrode 25 on the next stage through 
through hole 37 an-anged in the upper flat-plate member 22 of the separator 24. Excessive fuel is 
evaporated from the sides of the separator 24 and the cell member 28. Members blocking the sides of the 
separator 24 and the cell member 28, of course, can be arranged. Rg.9 is a sectional view showing the fuel 
cell taken on line 5 - 5 of Rg.7. Rn.9 designates an air supply path.. The air supply path is a path passing 
through upper flat-plate member 22. lower flat-plate member 23. wave-fomi member 21. spacer 33 
an-anged between the wave-fomi member 21 and the lower flat-plate member 23 and spacer 32 arranged 
between the upper flat-plate member 22 and the lower flat-plate member 23. Air flows from air supply 
manHbld 30 to air supply spacer 33 through air supply path 38 anranged in upper flat-plate member 22 of 
the separator 24a and in wave-form member 21 of the separator 24a. Some portion of the air flows in a 
wave-form space of tiie separator 24 and flows to air electrode 27 tiirough through hole 39 arranged in the 
lower flat-plate member 23. on the underside of the separator 24a. Some portion of the air flows to air 
electrode 27 on the next stage through each spacer. Excessive fuel is discharged from the sides of the 
> separator 24 and the cell member 28. Rg.lO is an explanatory view showing a structure of the fuel cell in 
tiie case of tiie practical use of tiie fuel cell. Bectrical circuit 40 is constituted by electrically connecting the 
separtors on tiie upper and lower ends of the above-mentioned flat-plate type solid electrolyte fuel cell, 
which is put into container 41 as shown witin a dashed line and used so that excessive fuel.air and cell 
reaction products can be discharged from discharge hole 42. The order, in which the fuel electrode, solid 
electrolyte and the like are stacked up in layers in the cell member, is not confined to «ie order in Preferred 
Embodiment of tiie present Invention. The order can be any order witii the solid electrolyte as the center 
which is reverse to the order in the Prefen-ed Embodiment. The method for fomiing the cell member is not 



limited to the metiiod for forming film layers as in the Prefen-ed Embodiment. The fuel electrode, solid 
electrolyte and tiie like which are fornied separately can be inserted into the cell member. Furtiier. the cell \ 
member can be divided not only Into two portions as in flie Prefenred Embodiment, but also Into a plurality I 



memDer c<afi uo uiviu^w nv* wiuj ^^^^ p,w.w..^ ... - - 

Of portions as shown in Fig.11. In the Preferred Embodiment the wave-form member of the separator was 
described by the use of a deck-plate type member. Corrugated type member, keystone type member and 
the like having cushioning property and gas seal property can be used. 

The fuel cell of Prefen-ed Embodlment-2 of the present invention is good in cushioning property for the 

40 reason as described below: ^ ^ , 

(a) A metallic separator constituted by putting It between the upper wave-form member and the lower 

wave-fomn member is used- 

(b) Cells, in each of which ceil members, each comprising fuel electrode, solid electrolyte and air 
electrode with the solid electrolyte as the center, is fixed on said metallic separator, are stacked up in a 

45 plurality of layers. ^ ^ « * , * 

Further, since the portion of the internal manifold constituted by a wave-form portion and two Hat-plate 
members of the metallic separator have a structure such that said portion is fixed by an-anging the spacers 
made of the same material as the separator or insulating material, said portion enables a cell portion to 
have a cushioning property and simultaneously to have a good gas seal property. Since the metallic 

50 separator serves as a strength member, the fuel cell has a possibility of being enlarged 
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Example-1 


Sofid electrolyte 


Yttria-stabilized ztrconia (YSZ) 100 cm^ 


Fuel electrode 


NiO YSZ cermet 100 cm^ 


Air electrode 


La (Sr) MnOs 100 cm^ 


Separator 




Plate 


Inconel 600 or Ni-Cr 


Frame material 


Inconel 600 or Ni-Cr 


Form of concave portion 


semi-circular 


Form of convex portion 


semi-circular 


Collector material Inconel 600 or Ni-Cr 



Rg,16 is a graphical representation showing the relation between electrical current and voltage which is 
a result of a test of Example-1. In the case of the use of Ha at 1 l/min. and air at 10 l/min.. voltage 
corresponding to 250 mA/cm^ was 0.7 V. 



20 
25 


Example-2 


Solid electrolyte 
Fuel electrode 
Air electrode 


. Yttria-stabilized zirconia (YSZ) 100 cm^ 
NiO YSZ cemnet 100 cm^ 
La{Sr)Mn03 100 cm^ 


Separator 




Upper flat-plate member 


Inconel 600 or Ni-Cr 




Lower flat-plate member 


Inconel 600 or Ni-Cr 




Wave-form member 


Inconel 600 or. Ni-Cr 




Spacer 


Alumina 


30 


Manifold 


Inconel 600 



Rg.17 is a graphical representation showing the relation between electrical current and voltage, 
m the case of the use of Ha at 1 l/min. and air at 10 t/min., voltage corresponding to 250 mA/cm^ was 
' 0.7 V. 

Reference signs In the claims are Intended for better understanding and shall not limit the scope. 

( 

Claims 

1. A fuel cell comprising: 

at least two cell members (10), each of which has a flat-plate solid electrolyte (7) having a fuel electrode 
layer(8) on one surface thereof and an air electrode layer (9) on the other surface thereof; 
characterized by separators (1), each of which is arranged between the cell memlDers to stack up the cell 
' members in layers and comprises frame materials (2) and metallic sheets having concave portion (5) and 
convex portion (4) and being coupled to said frame materials, a separator of the highest stage being 
mounted on a cell member of the highest stage and a separator of the lowest stage being mounted on a 
cell member of the lowest stage; 

a fuel supply path (14) for supplying fuel to a space between the separator and the fuel electrode and an air 
' supply path (15) for supplying air to a space between the separator and the air electrode; 

a fuel discharge path (16) for discharging fuel from a space between the separator and the air electrode and 
an air exhaust path (17) for exhausting air from a space between the separator and the air electrode; and 
collector members (1 1) of electrical conductivity mounted on the outer sides of the separators of the highest 
and lowest stages. 

^ 2. The fuel cell of claim 1, characterized in that said concave portion and said convex portion of said 
separator have a depth large enough for the lowest point of the concave portion to contact the upper 
surface of the cell member and for the highest point of the convex portion to conact the lower surface of 
the cell member. 

6 



0357025A1 I > 



BNS oaae 6 



EP 0 357 025 A1 



70 



15 



20 



25 



3. The fuel cell of claim 1. characterized in that said separator has a coated layer of ceramic material on 
the surface thereof. 

at lSr!^o%1l!t'embere1S). each of which has a fiat-plate solid electrolyte (26) having a fuel electrode 
layer (25) on one surface thereof and an air electrode layer (27) on the other surface thereof^, 
chlacterized by metallic separators (24). each of which is arranged between the cell members to steci< up 
t e'^de members in layers and comprises a wave-form member (21). an upper ^-^-P^--^-^^:J^^^ 
2,d a lower flat-plate member (23). said wave-font, member being put between *e upper «f "F^^T^^jJl^ 
and the lower flat-plate member, a separator of the highest st^e being mounted on l^^J^^^^^ ^ 
highest stage and a separator of the lowest stage being mounted on a cell member of the lowest stage, 
a ho7(Sl made in the upper flat-plate member for supplying fuel to the fuel electrode layer and a hole 
(39) made In the lower flat-plate member for supplying air to the air cell member layer: and 
aft^el supply path (36) for supplying fuel to a space between the upper flat-plate member and the wave- 
Im rS^r Sd an ir suppfy pat^ (38) for supplying air to a space between the lower flat-piate member 
STthe wa^form member ild fuel being supplied from the fuel supply path to the fuel electrode i^er 
??rough Z hole made In the upper flat-plate member and said air being supplied from the ar supply path 

^! ?;:'frctirr:.^™^^^ one sheeted .om .e group 

rrL?Sl'S^r4.^L^«dr^^ supp.y path is a pa«, passing «.rough the upper 

flat-plate member, tower flat-plate member, wave-fomr member, spacer arranged between the wave-form 
ZmZr Z the lower flat-plate member and the spacer arranged between the upper flat-plate member and 

the ^^"^^^^Jl^^;^ 4^ characterized in that said fuel supply path is a path passing through the 
upper flat-plate member, lower flat-plate member, wave-fomi member, spacer arranged between the wav^ 
formember and the upper flat-plate member and the spacer arranged between the upper flat-plate 

c7^ S;St™ized by further comprises an air supply manifold (30) for supplying 
air to'the air supply path and a fuel supply manHold (31) for supplying fuel to the fuel supply path. 
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